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Abstract. BIM adoption is a complex process and relatively little information exists on the BIM adoption processes of public authorities. This research aims to address this gap by examining how a contemporary public authority is approaching
BIM adoption for their building permitting process. Firstly, a systematic literature review was carried out to understand
extant descriptions of BIM adoption processes and the factors affecting adoption success. This resulted in the derivation
of a generic BIM adoption process and the classification of factors that affect BIM adoption with reference to the Technology Organization and Environment (TOE) framework. The case of the BIM adoption process and the factors affecting its
implementation in a contemporary public authority were then analysed in terms of the generic adoption process and factor
classification derived from the literature. The findings reveal the planning strategies and execution steps for BIM adoption
and the factors affecting them. This study provides a systematic approach to investigating BIM adoption in a public authority. It contributes to the understanding of BIM adoption processes and factors affecting them and is anticipated to be useful
for AEC/FM professionals in understanding and facilitating successful BIM adoption.
Keywords: Building Information Modelling, AEC/FM industry, BIM adoption, building permits, public authorities, systematic literature review, case study.

Introduction
Construction projects normally require a building permit
from a regulatory authority, and it can be considered as
an important milestone for projects. Typical building permitting procedures are complicated, unclear, error prone
and inefficient (Eirinaki et al., 2018; Nawari & Alsaffar,
2017) so that building permits are subject to delays in
processing and issuing. Building Information Modelling
(BIM) as an innovative technology has changed the way
construction projects are conceived, designed, constructed and operated (Husain et al., 2018; Hardin, 2009) and
is widely recognized as having the capacity to improve
project performance (Franz & Messner, 2019; Whyte &
Hartmann, 2017). BIM can be beneficially leveraged for
several purposes e.g. design and construction integration,
cost estimation, scheduling, coordination, energy simulation, safety, and facility management. This study concerns
the potential for BIM use in the building permit process.
A building permit is a document issued in the form
of an administrative decision which gives legal permission for the commencement of construction works in

accordance with the appropriate laws, regulations and
codes (Krajewska et al., 2014; Leśniak et al., 2019). The
issuance of a building permit is an important step for any
construction project (International Code Council, 2018).
Building permits can influence spatial property development, as they prevent undesirable developments which are
not in compliance with the city planning (Samsura et al.,
2015; Eika, 2019). The building permitting process is also
an important component of the institutional factors that
significantly influence the success of construction projects
(Gudienė et al., 2013, 2014) and the number of building
permits issued is a key indicator in microeconomic fundamentals (Meulen et al., 2014) and of construction sector
performance (Kildienė et al., 2011). In a typical building
permitting process, if a property owner or developer decides to apply for a building permit, it requires filling in
various forms and providing different supporting documents. For the public authority, it requires checking the
submitted application and associated files against various
codes and regulations and requires coordination among
various departments. It is therefore a time-consuming,
difficult to track process subject to errors (Eirinaki et al.,
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2018). This calls for digitalization that could improve the
efficiency of the building permitting process and BIM has
the potential to simplify and automate the process if it is
adopted by the regulatory authorities that deal with building permits (Nawari & Alsaffar, 2017; Olsson et al., 2018).
A few existing studies, including those by Nawari and
Alsaffar (2017), Olsson et al. (2018) and Narayanswamy
et al. (2019) have addressed BIM use for building permits.
These have referred to BIM capacity for building permits
and investigated automated code checking procedures.
There is, however, a lack of studies that systematically
show the BIM adoption process by public authorities or
organizations responsible for building permits. The BIM
adoption process (the actions that should be taken in
adopting BIM) is an important aspect as the outcomes
of BIM usage are reliant on the quality of the adoption
process (Gurevich et al., 2017). Thus, there is a significant
need to investigate the BIM adoption process by public
authorities dealing with building permits and the aim of
this paper is to do so.
In contrast to the limited academic research on the
BIM adoption of public authorities, there are numerous
studies concerning BIM adoption in the AEC/FM industry generally and these can be drawn on to derive a framework with which to investigate and understand the BIM
adoption process of public authorities and their building
permitting processes.
This research therefore commences with a systematic
review of the literature regarding BIM adoption and the
factors that affect it. From the extant literature identified,
a generic BIM adoption process is derived as is a classification of factors that affect BIM adoption. Together, these
provide a framework with which to investigate the BIM
adoption process in a specific case - that of the Tallinn
City Government (TCG) which is the public authority responsible for processing and issuing all building permits
in the Estonian capital city, Tallinn.
A description of the literature review and case study
methodology follows in section one. An overview of the
BIM adoption literature is presented in section two and
the generic BIM adoption process and classification of
factors affecting BIM adoption which emerge from the
synthesis of the literature are described in section three.
Within the framework of this generic process and classification, the TCG case study is carried out and it is presented in section four. Conclusions and recommendations
are then drawn in the final section.

1. Methodology
A literature review was first carried out in order to identify the various contemporary views on BIM adoption and
the observed and theorised BIM adoption processes in
the AEC/FM industry as well as the factors that influence
these. The data from the literature were then synthesized
into a generic BIM adoption process and factor classification system which could be used as a framework with
which to analyse the BIM adoption process with respect to
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a specific, current case of a public authority (that of TCG).
The case study was then undertaken and reported in accordance with the derived analytical framework.
Kitchenham and Charters (2007) defined systematic
literature review as “A form of secondary study that uses
a well-defined methodology to identify, analyse and interpret all available evidence related to a specific question
in a way that is unbiased and to a degree repeatable”. The
systematic literature review process applied in this case
was inspired by that of (Gough, 2007) and described in
nine steps by Bearman et al. (2012) as follows:
1. Formulating the review question – in our case:
What are the existing BIM adoption processes in
the AEC/FM industry and what factors affect them?
2. Determining inclusion and exclusion criteria: Only
relevant journal and conference papers published in
English were considered with no geographic limitation and no restriction on year of publication.
3. Establishing the search strategy, including information sources: The Boolean phrase: (“Building Information Mode?l*” OR “BIM”) AND (“Adoption”
OR “Implementation”) was used and the following
online databases were searched:
– Scopus;
– Web of Science (Clarivate Analytics);
– ASCE Library;
– EBSCOhost Web;
– Science Direct;
– Emerald Insight.
4. Screening the articles to check whether they meet
the inclusion and exclusion criteria: Titles and,
where necessary, abstracts were screened for relevance to review question. The Mendeley Reference
Manager was used to identify and remove duplicated articles.
5. Reporting the results of the search strategy. Table 1
shows the results of the search and screening.
Table 1. Number of articles returned from online databases
Articles returned
from databases
search

Relevant
articles after
screening

Scopus

2055

181

Web of Science

1316

153

EBSCOhost Web

718

105

ASCE Library

1322

52

Emerald Insight

821

36

Science Direct

407

30

Overall (with duplicates
removed)

N/A

319

Databases

6. Extracting relevant data: The relevant articles were
exported to NVivo Plus (v.12) software from Mendeley Reference Manager and subjected to qualitative content analysis.
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7. Evaluating the quality of the included studies: Quality was considered adequately ensured through the
status of the included articles as being published in
peer reviewed journals and conference proceedings
that are indexed in reputable databases.
8. Synthesising the collective evidence of the included
studies to answer the review question: The evidence
regarding BIM adoption processes and factors affecting them was synthesised using a qualitative
procedure of identifying relevant content of the selected articles and coding them according to emergent themes (for example: process stages and factor
types). This process was carried out using NVivo
Plus (v.12) and the generic BIM adoption process
and classification of the factors that affect it are presented in section 2 below.
9. Drawing conclusions and communicating the findings.
Gerring (2004) defined case study as “an intensive
study of a single unit with an aim to generalize across
a larger set of units”. Case study is a strategy that seeks
to explain and offer rich information about a particular
contemporary phenomenon within its context, typically
through a number of data collection methods including
interviews, questionnaires, observations, document analysis, and others (Robson, 2002). However, according to
Almuntaser et al. (2018) the limitation of case study is
that it cannot be used to make generalizations. The data
collection methods employed in the TCG case study for
this research were interviews with TCG officials, content
analysis of TCG reports and documents and participant
observation in TCG meetings by one of the co-authors
who has been embedded with TCG in order to understand
their processes and help develop a BIM-enabled building
permitting process. Specifically, face-to-face interviews
were carried out with 5 TCG officials and participation in
15 group meetings held by TCG regarding BIM adoption.
All the interviewees had more than 10 years of experience
in the field. The findings from the case study are reported
through analysis of interviews and content analysis of the
reports and documents from TCG. The case study data
were analysed and reported on the basis of the analytical
framework developed from the literature and the results
are presented in section 3.

2. The AEC/FM industry BIM adoption literature
2.1. Theoretical perspectives on BIM adoption
There is a general consensus in the literature that BIM
adoption is a social phenomenon. Various social theories,
frameworks and models have been used for examining
BIM adoption processes and the factors that influence
them. The most common theoretical perspectives applied
were found to be: Diffusion of Innovation Theory and the
Technology Acceptance Model. Other theoretical perspectives adopted included: Institutional Theory, Task Technology Fit, Theory of Reasoned Action, Theory of Planned

Behaviour, and Unified Theory of Acceptance and Use of
Technology. Diffusion of Innovation (DOI) theory is the
most widely used theory to explain IT and BIM adoption
(Hameed et al., 2012; Ahmed & Kassem, 2018). DOI theory was proposed by Everett Rogers in 1962 and explains
how new ideas (innovations) move through a particular
social system. It suggests a five-stage process for diffusion
of an innovation which includes awareness, interest, decision, implementation, and confirmation (Rogers, 1983).
In the literature reviewed, it was used for investigating
the BIM adoption process e.g. by Gledson and Greenwood (2017), for digital innovation (BIM) diffusion e.g. by
Shibeika and Harty (2015) and for factors affecting BIM
adoption e.g. by Xu et al. (2014).
The Technology Acceptance Model (TAM) proposed
by Davis (1989) explains the behaviour of users in acceptance of information technologies. TAM has two key
perceived attributes namely “Perceived Usefulness” (PU)
and “Perceived Ease of Use” (PEU). PU refers to “the degree to which a person believes that using a particular
system would enhance his or her job performance”, while
PEU is “the degree to which a person believes that using
a particular system would be free of effort” (Davis, 1989).
Among the studies reviewed in this research, TAM was
primarily used for identifying factors influencing BIM
adoption e.g. by Sanchís-Pedregosa et al. (2020) and Qin
et al. (2020).

2.2. AEC/FM industry BIM adoption processes
In this research, “BIM adoption process” refers to the actions, techniques, methodologies or steps undertaken by
stakeholders in order to adopt BIM in their organizational/project contexts. In the literature review, a lack of studies systematically describing the BIM adoption process by
public authorities or organizations responsible for building permits was observed. However, specific BIM adoption processes have been proposed by various authors in
the AEC/FM industry.
Hochscheid and Halin (2019) described the BIM
adoption process as a five-stage process, based on Roger’s
Diffusion of Innovation theory. The first stage, Awareness,
occurs when an organization is exposed to or becomes
aware of BIM. In second stage, Intention, the organization starts seeking further information about it. The decision stage refers to the organization deciding whether
to adopt or reject BIM. During Implementation, BIM is
utilised, and, in the Confirmation stage, the organization
has started using BIM and confirms its commitment to
continue its use.
Almuntaser et al. (2018) developed a BIM adoption
framework based on the case study of an architectural
firm in Saudi Arabia. Their framework draws on the Project Management Institute Standards Committee (2013)
five project management processes as follows: Initiating:
the organization’s vision, objectives, deliverables and milestones for BIM adoption are defined, a BIM team is selected, all stakeholders are identified, and financial resources
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are provided. Planning: Different areas for BIM implementation are selected, the scope of work to be carried out
for BIM adoption is defined, potential risks and quality
assurance measures are identified, procurement is planned
and effective communication between all stakeholders is
established. Executing: This phase includes creation and
coordination of the BIM model between all disciplines.
Monitoring and controlling: Monitoring BIM adoption to
ensure that the objectives are being achieved within the set
time and cost and BIM deliverables are within the scope
defined. Closing: The last phase involves handovers of all
deliverables and measuring BIM performance in the organization, the project and the team for improvement.
Based on a literature review Kouch (2018) developed
a three step BIM implementation framework consisting
of understanding, planning, and piloting. Understanding
includes gaining BIM knowledge, developing strategies for
short-term and long-term goals, financial support for BIM
implementation, addressing challenges and assigning BIM
teams. In the planning step, the BIM teams analyse the
current process of activities and resources (human, tools,
etc.) in order to develop new, BIM-based processes. Kouch
(2018) states that during planning the available standards
and guidelines for BIM implementation can also be considered. Piloting is a practical step implementing what is
planned and includes model creation, monitoring and
control, and handover.
Ahn et al. (2016) illustrated BIM adoption process
through case studies of four construction companies in
the USA. The process starts with hiring BIM experts and
selecting areas for BIM implementation. Investing in BIM
software and hardware. Developing a BIM implementation plan and strategies for collaboration with subcontractors and design teams. Based on the BIM implementation
plan and guidelines, an organization can begin BIM implementation for real projects. Once BIM implementation
has been incorporated in the work process, the next step is
the coordination with other stakeholders for maximizing
the benefits of BIM implementation. The BIM adoption
process presented by Ahn et al. (2016) also includes BIM
education and training of organization employees.
Machado et al. (2016) presented a rational, 5-stage
approach to BIM implementation in a UK-based SME.
In the first stage, establishing best practice knowledge in
BIM: a literature review determined best practices of BIM
in the UK and semi-structured interviews were conducted
to explore the drivers, steps for implementation and the
challenges of BIM implementation. The second stage, review and analysis of the organization’s current situation:
the organization’s current business processes and workflows were reviewed to understand ICT systems and infrastructure, file formats and information exchanges used
in the organization and thus identify the areas where BIM
could be used for supporting the organizational objectives.
Stage three, developing BIM-based collaborative strategy:
This stage included analysing improvement gains, determining required IT systems, formulating a training plan
for employees and developing the organizational BIM im-
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plementation strategy. Stage four, implementation of BIM
based strategy: includes the deployment of a BIM pilot
project to put in practice the new business process which
was planned. Finally, stage five: Project review, evaluation,
and dissemination: which includes the assessment of the
project on which BIM was used.
Hochscheid and Halin (2018) examined BIM implementation in various architecture firms. The BIM implementation approach consisted of four steps: Firstly, Context study: reviewing the organization’s current situation
and practices. Planning: developing new business processes and a strategy for BIM implementation. Execution:
piloting BIM implementation based on the developed
strategy. Transfer: the fourth and final step in which the
pilot project is assessed with the aim of further improving
BIM use.
Arayici et al. (2011) studied BIM adoption in an architecture firm through case study. The BIM adoption
process proposed by Arayici et al. (2011) comprises four
stages: firstly, reviewing and assessing the current practices of organization and identification of benefits from
BIM implementation; secondly, designing a new business model and documentation of the BIM implementation path. The third stage is the actual implementation of
BIM and it also includes piloting BIM implementation on
projects and training the employees. The final stage is the
evaluation of the project aimed at assessing the net benefits from it.
A roadmap for implementation of BIM was presented
by Khosrowshahi and Arayici (2012) from the results of
a questionnaire survey amongst contractors in the UK.
Before the questionnaire survey, interviews were carried
out with construction professionals from Finland to determine BIM implementation best practices. The BIM implementation roadmap comprises identifying challenges in
BIM implementation, developing an effective strategy for
implementing BIM and providing professional guidelines
to BIM adopters.
To support decision making in BIM adoption, Gu and
London (2010) developed a Collaborative BIM Decision
Framework. The developed Collaborative BIM Decision
Framework consists of four parts. Part 1: defining scope,
identifying purposes, establishing roles, extent of BIM and
map to project phases. Part 2: Developing work process
roadmaps within and across organizations. Part 3: Identifying technical requirements of BIM. Part 4: Collaborator
capabilities evaluation.
The literature also revealed existing elaborations of
certain parts of the BIM adoption process. For example,
Chunduri et al. (2013) developed three procedures for assisting facility owners in BIM adoption planning through
literature review and case studies. The procedures consist
of BIM organizational strategic planning, BIM project
procurement planning, and BIM organizational execution
planning. In strategic planning, an organization assesses
their status and needs, sets objectives and goals and determines the area of focus for BIM implementation. Procurement planning includes the development of a well-defined
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BIM contract language for achieving the goals and objectives, team selection, contract procurement and execution
requirements and execution planning provides implementation guidance for BIM implementation.
Lin et al. (2016) developed a detailed BIM execution
plan for BIM implementation in Facilities Management
(FM) consisting of seven core elements: 1) establishment
of team for BIM-FM implementation, 2) development of a
strategy for successful BIM implementation, 3) developing
BIM-FM documents which show areas for BIM implementation and management of the BIM model, 4) development
of the BIM-FM process which includes describing the current processes, designing new BIM processes, and developing transition processes for achieving BIM usage, 5) formation of BIM-FM information collection which shows the
information needs of the organization and the information
to be displaced and integrated with the BIM model, 6) development of inspection mechanism for BIM models and
7) development of rules for BIM model usage in FM.

2.3. Factors affecting BIM adoption
BIM adoption factors are the determinants which can enable or inhibit the adoption of BIM in an AEC/FM industry
organization. The literature review showed that numerous
academic enquires from many different countries have
already been made (predominantly using questionnaire
surveys) to identify factors that affect BIM adoption. Factors influencing BIM adoption are generally similar, but
a difference in their impact level can be observed among
countries (Kim et al., 2016).
Through questionnaire surveying of BIM experts in
China, Ma et al. (2019) studied BIM adoption influencing
factors. They concluded that project leadership and software functionality are two fundamental factors influencing BIM adoption as they also affect the other factors directly or indirectly. Gledson and Greenwood (2017) investigated 4D BIM adoption in the UK construction industry
through a questionnaire survey among construction planning practitioners and found that the relative advantage of
BIM is the most prominent factor for 4D BIM adoption.
According to Eadie et al. (2013) applications offered by
BIM and client or competitive pressure were the main factors driving BIM adoption in UK contractors. Son et al.
(2014) surveyed the factors influencing BIM adoption in
South Korean architecture firms and found that the primary influencing factor was top management support.
Kim et al. (2016) and Lee and Yu (2017) also investigated
factors influencing BIM acceptance in the South Korean
construction industry. In India, Ahuja et al. (2016) studied factors impacting BIM adoption and concluded that
expertise, trialability, and management support were the
most critical factors. Based on a qualitative and quantitative approach, Hong et al. (2016) explored factors affecting
BIM adoption decisions in small and medium size construction organizations (SMOs) in Australia. Awareness
and innovativeness were among the main factors influencing the BIM adoption decision.

Different typologies were found to be used by researchers for factor classification. Ma et al. (2019) classified factors
influencing BIM adoption into institutional and technology
factors. Liao and Teo (2019) grouped the factors according
to people, process, technology, and external environment
aspects. Hong et al. (2016) categorized influential factors
for BIM adoption in three groups: adoption motivation,
organizational competency, and ease of implementation.
Gu and London (2010) grouped the factors affecting BIM
adoption into technical and non-technical areas.

3. Analytical framework derived from the
literature
The findings from the literature review in terms of observed and proposed BIM adoption processes in the AEC/
FM industry were then synthesised into the generic BIM
adoption process shown in Table 2. This draws together
and organises all of the detailed process steps described in
the extant literature and frames them in a four-stage process of initiation, planning, execution and evaluation. It is
important to note that, although this has the appearance
of a simple, linear process, the authors acknowledge that
BIM adoption does not necessarily take place in a simple,
linear fashion and, indeed, some of the literature specifically points this out, e.g. (Whyte & Hartmann, 2017).
Similarly, the factors identified during the literature review have been collated and categorized in Table 3 using
the Technology, Organization and Environment (TOE)
framework for adoption of innovation developed by Tornatzky et al. (1990). The technological context encompasses both internal and external technologies connected to
the organization and includes the characteristics of technology to be adopted. The organizational context refers
to the characteristics and resources of the organization in
which the technology will be adopted. The environmental
context includes the industry, the organization’s competitors and the regulators that shape the macro environment
in which that organization exists.
Tables 2 and 3 thus provide a generic framework based
on the literature with which to analyse the BIM adoption
process for the purpose of issuing building permits taking
place within the case study organization (TCG) and the
factors that are affecting it.

4. Case study
4.1. The case study organization: Tallinn City
Government
In this case study, the BIM adoption process by a municipal public authority, Tallinn City Government (TCG)
was investigated. TCG has two major roles in the AEC/FM
industry: it is a public authority as the issuer of building
permits, certificates of occupancy and demolition permits.
It is also a client through its real estate department responsible for managing construction projects owned by TCG,
but this client role is beyond the scope of this case study.
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Table 3. Factors affecting BIM adoption

Environmental
factors

Organizational factors

Technological
factors

Factors

References

As a public authority, TCG is responsible for issuing
building permits, certificates of occupancy and demolition permits in the area of administration of Tallinn
city. In 2019, approximately 1800 building permits and
1500 certificates of occupancy are issued. A number of
departments are involved in the permits issuing process as
shown in Figure 1 lead by the City Planning department.
The current work process suffers from issues of intricacy,
inaccuracy and inefficiency and TCG is adopting BIM for
building permits in order to improve the work process,
increase collaboration among different departments and
effectively respond to time and cost pressures.
The BIM adoption process by TCG is presented in
the following sections in accordance with the generic
BIM adoption process developed from the literature (and
shown in Table 2).

Compatibility

Ngowtanasawan (2016), Ma et al.
(2019), Qin et al. (2020)

Complexity

Ahuja et al. (2016), Chen et al. (2019)

Trialability

Ngowtanasawan (2016), Kim et al.
(2016)

Relative
advantage

Ngowtanasawan (2016), Chen et al.
(2019)

Top
management
support

Lee and Yu (2017), Liao and Teo
(2019), Chen et al. (2019)

Behavioural
intention

Ding et al. (2015), Ngowtanasawan
(2016), Liao and Teo (2019)

Training and
learning

Ngowtanasawan (2016), Liao and Teo
(2019), Ma et al. (2019)

Leadership

Liao and Teo (2019), Ma et al. (2019)

4.2. Initiation

Innovativeness

Eadie et al. (2013), Hong et al.
(2016), Ma et al. (2019)

Reviewing organization current situation and practices

Awareness

Ngowtanasawan (2016), Hong et al.
(2016), Ma et al. (2019)

Motivation

Ding et al. (2015), Hong et al. (2016),
Cao et al. (2017)

Trust

Ahuja et al. (2016), Liao and Teo
(2019), Ma et al. (2019)

Organizational
culture

Liao and Teo (2019), Ma et al. (2019)

Client pressure

Eadie et al. (2013), Chen et al.
(2019), Ahuja et al. (2016)

Competitive
pressure

Eadie et al. (2013), Chen et al. (2019)

Partner
pressure

Chen et al. (2019), Ahuja et al. (2016)

Currently, the permitting process by TCG is still being
done manually and consists of uploading PDF format
documents and 2D drawings. After the submission, the
documents are reviewed by city planning officials, comparing their compliance with laws, regulations and standards. There is a huge amount of complex regulatory material but no central database where that information could
be stored and made visible for all the stakeholders in the
permit issuing process. This makes the flow of information
slow within the building permit process. Co-ordination
information between different departments is exchanged
via e-mail and telephone. Interviews with TCG officials
indicate that many working hours are used in finding
necessary information about the project, which makes it
a lengthy process and subject to human error.

Figure 1. The structure of Tallinn City Government in building permitting process
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Defining objectives of the organization for adopting
BIM
The objective of BIM adoption by TCG is to simplify and
improve the process and issuing of building permits. The
current focus of the organization is on BIM model-based
permit issuing in the form of: Building permit, issued
based on preliminary BIM project (IFC format); certificate
of occupancy, issued based on as-built BIM project (IFC
format); demolition permit, based on demolition BIM
project (format not yet classified). Nevertheless, design
criteria for the model in the phase of detailed planning
must also be included as, without BIM adoption for design
criteria, full implementation of other described objectives
is not possible.
Identifying and addressing challenges
TCG has several challenges regarding its BIM adoption
process. These challenges can be divided into three main
groups: organizational structure related, workforce qualification related and hardware-software related challenges.
The last challenge can also be addressed as determining
IT requirements.
The organizational structure needs to be analysed and
adjusted accordingly to support the BIM adoption process. Guidance materials and a permit issuing checklist
must be created to standardise process outcomes.
Workforce qualification needs to be enhanced for a
BIM based building permitting process. Most TCG officials have to go through a BIM training program for creating BIM awareness and learning to use necessary BIM
tools. An extra position of BIM coordinator in the Tallinn City Planning Department has to be created because
training cannot provide sufficient skill levels for the current workforce to coordinate the BIM adoption process.
The difficulty level of the hardware-software challenge
for TCG is still unknown. TCG is in cooperation with the
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Estonian Ministry of Economic Affairs and Communications (MoEAC) in this BIM adoption process. MoEAC
will provide the digital environment to store BIM projects
and cloud-based software working on open BIM standards
for permit issuing to TCG and other Estonian municipalities. Therefore, the necessity for high end computers and
large-scale BIM software (Autodesk, Graphisoft, Solibri,
Tekla etc.) is very low. Only the BIM coordinator has the
need for an upgraded IT solution. Detailed software packages will be determined at a later stage of this BIM adoption process.
Providing BIM training
Three different types of BIM training have been provided
to TCG employees. Basic BIM training has been delivered twice, advanced BIM training once and BIM Model
Checks (BMC) training five times. The purpose of basic
BIM training was to create awareness about BIM and its
benefits in AEC/FM industry. Advanced BIM training focused on the nature of BIM and global case studies. BMC
training courses were provided as a training series consisting of working with BIM models from the perspective of the building permit issuer and using Solibri Model
Checker (SMC) software. SMC was selected as a result of
the software solution provided by the MoEAC being incomplete. That solution is currently in Proof of Concept
(POC) phase.
Analyses of processes related with BIM adoption in the
organization
In order to implement the BIM adoption successfully,
several sub-processes (subsurface data analyses, regulatory and legal analyses, developing standards and norms,
etc.) need to be in place. The processes necessary for BIMbased building permitting are shown in Figure 2. The centre of all these processes is the e-construction platform

Figure 2. MoEAC detailed roadmap for BIM-based building permit process (source: Estonian Ministry of
Economic Affairs and Communication)
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provided by the MoEAC where all construction related
information will be stored. Processes shown in Figure 2
with green ticks have been completed, while processes
with yellow ticks are ongoing but not yet finished. Processes shown with a red background are planned but have
not yet started.
Developing new business model
For successful BIM adoption, a new business model for
the organization must be developed. This business model,
based on BIM for TCG, is described in Figure 3. The primary task for TCG is to map the functions of the departments
involved in the permit issuing process. Completion of that
task enables the creation of detailed checklists for comparing relevant application project parameters against the national building code. IFC format minimum requirements
for permit issuing emerge from that checklist. Additionally,
an effective IT solution for automated BMC can only be
determined once the checklists have been developed.
Automated BIM Model checking is possible if the
submitted BIM project is standardised. Therefore, it is
necessary to create national BIM standards for designers. These standards must include IFC format minimum
requirements, national classification system (CoClass for
this case study) and LOD specification for the BIM elements in specific project phases. If these requirements are
met, then the new business model can be implemented.

Providing financial resources for BIM software and
training
TCG is funded by taxpayers and has a stable financial income. Budgetary decisions are made once a year, meaning no sudden allocation of non-emergency financial resources is possible. TCG has financial resources for BIM
training within its budget. If BIM software packages or
extra personnel are required, application for necessary
funds must be made on time. The need for extra financial
resources is, as yet, unclear as the software solution is to
be provided by MoEAC, but this is still in an early (POC)
phase of development. If the need for financial resources
arises, these are likely to be allocated as the Mayor of Tallinn is highly supportive of BIM adoption in TCG.
Analysing improvement/financial gains
Rough estimates of potential savings have been made
based on the average time spent processing permits in
TCG. The averages shown in Table 4 were collected from
interviews with TCG officials. Based on a notional timesaving of 60% and an average hourly wage of 11€ in Estonia, the potential savings per year are 181,587€ for the
building permit and certificate of occupancy. This calculation assumes estimated savings for simple buildings would
be lower (40%) than for complex buildings (80%) since
the automatic checks will be much more helpful for the
complex buildings.
Interviews with TCG permit issuing officials and the
stakeholder consultation suggest that actual savings could
be significantly higher. In addition, this calculation only
considers the building permit and certificate of occupancy.
There are more permits and processes which will benefit
from an automated BMC solution.

1822

98,176.58 €

Simple
building

7.3

1.8

19.27 €

947

18,250.58 €

Complex
building

17.3

8.3

91.34 €

875

79,926.00 €

1550

83,410.27 €

Cert. of
occupancy

Figure 3. New business model of TCG for
BIM-based permit issuing

Estimated EUR
saved per year

Building
permit

Number of
permits

EUR saved per
permit

Average time
spent (h)

Table 4. Rough estimates of financial gains from
BIM adoption in TCG

Average time
saved (h)
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Simple
building

7.4

1.8

19.54 €

888

17,347.97 €

Complex
building

18.9

9.1

99.79 €

662

66,062.30 €

Total saving

181,586.86 €
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4.3. Planning
Determining areas for BIM implementation
The most beneficial area for BIM implementation to TCG
is the process of permit issuing. This will enable TCG to
automate this process in the long term and make the permit issuing process cost-effective in the short term. In addition to saving time and financial resources, BIM adoption in the permit issuing process enables the collection of
data for creating a digital twin of Tallinn city.
Developing organizational BIM implementation strategy and documentation of BIM implementation path
The BIM implementation strategy for TCG has been formulated and is being documented in cooperation with a
local university. In the time period 2019−2020 proof of
concept, user experience and user interface are to be created and piloted. Simultaneously, BIM training for TCG officials involved in the BIM adoption process is delivered. In
2021, the BIM-based permitting process will be operational.
The focus then shifts to correcting any evident flaws in the
process and creating an automatic regulation-linked update
system. In addition, initiation of BIM adoption for FM
starts. In 2022 BIM adoption for FM will reach the planning
phase and evaluation of BIM adoption for permit issuing
will be finalised and conclusions for further action drawn.
Planning procurement with software vendors and IT
consultants
The primary software needed for BIM-based permit issuing
will be provided to TCG by the MoEAC. This software, created by MoEAC in collaboration with TCG, is without direct cost for TCG. IT consultation regarding the use of the
software will also be provided to TCG by MoEAC. However, procurement of IT consultants for adjusting the information flows between the software and different departments
of TCG, is planned to be outsourced to the private sector.
Establishing effective communication between all
stakeholders
The main purpose of BIM-based permit processing is to
create a convenient and secure exchange of standardized
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and accurate data between all stakeholders throughout the
building lifecycle. For ensuring the effectiveness of communication, MoEAC is creating an e-construction platform
(referred to in Figure 2) through which all information
through the building lifecycle will be communicated. Furthermore, it will store the guidance information, legislation,
regulations and standards required for specific procedures.
Identification of potential risks and ensuring quality of
deliverables
A large number of different systems and organizations involved in permit issuing need to ensure simultaneous BIM
adoption in the environment created by the MoEAC. For example, BIM adoption for permit issuing involves running an
automated BMC for a BIM project in IFC format against the
spatial planning concerning that building. The BIM project
must meet criteria set by detailed area plans, which are still
in non-BIM-compatible file formats so, until digitalization
of area planning, BIM adoption cannot be complete. Similarly, the connections between building projects and the infrastructure networks of the city pose risks as water, heating
and electrical network connections are controlled by private
sector companies whose level of BIM adoption is variable.

4.4. Execution
Pilot BIM implementation project
The first step of BIM implementation is a joint pilot project between TCG and the MoEAC. The MoEAC is developing the Proof of Concept (POC) for the permit issuing
software. Piloting is carried out on a BIM project of an
apartment complex located in Tallinn. For this project, all
the necessary documents, including the detailed spatial
plan in CityGML format, is provided and coordinated by
TCG. Consultation of TCG BIM implementation process
is provided by a local university.
The POC (see Figure 4) is based on the use of open
standards: IFC, CityGML and BCF, and also visualisation
standards like WebGL 2. On request from the MoEAC, the
React JavaScript framework is used. Everything is based on
open buildingSMART and W3C guidelines and standards.

Figure 4. The interface of POC (source: Estonian Ministry of Economic Affairs and Communications)
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When an IFC dataset is checked in, it is sent to a BIM
server. After check-in, the geometry is calculated by the
IfcOpenShell plugin running inside BIMserver. Results of
that are being stored in the BIM server database. The next
step is that the geometry is sent to the Voxel server for
voxelization and further analyses. Results of the analyses
are stored as ‘extended data’ in BIMserver.
Finally, the data is streamed back to the GUI for visualisation. 3D information is streamed in binary format to
visualise in BIM Surfer. Text data is shown using the React
framework which is also used for the implementation of
the new building registry system.
Coordination of the BIM model between all disciplines
In spite of the fact that TCG is not involved in the design
phase of the BIM model, coordination between all disciplines is still essential due to the complex structure of TCG
departments (refer to Figure 1). Every department must collect data from different aspects of the construction project
documentation, in this case from a certain discipline-specific
BIM model. The BIM coordinator extracts the information
needed by the permit issuer from the BIM model and an automated BMC checks that information against the regulatory
requirements. In addition, correct coordination of the BIM
model between all disciplines is necessary in the design phase
before the BIM model is submitted for permit issuing. Coordination failures can render automated BMC impossible.

Monitoring and controlling BIM adoption to ensure
objectives are achieved
TCG has an ongoing contract with a local university for
monitoring their BIM adoption process. The achievement
of objectives is monitored and controlled through weekly
meetings, reports and working groups. Furthermore, a
BIM coordinator position will soon be created within
TCG allowing for correct evaluation and to continue the
work done by the consultants from the local university.

4.5. Evaluation
The BIM adoption process in TCG is still in the execution phase. Therefore, evaluation is not yet feasible. Once
execution is achieved to a greater extent, the BIM coordinator or a manager of TCG will be able to carry out
evaluation tasks, point out shortcomings, analyse benefits
of BIM adoption and offer recommendations for necessary corrections.

4.6. Factors affecting BIM adoption in TCG
During interviews, the TCG officials were asked about factors affecting their BIM adoption process (At this stage of
the study no attempt was made to measure the relative
impact of the factors). Table 5 illustrates the factors BIM
adoption process in TCG.

Table 5. Factors affecting BIM adoption in TCG

Technological factors

Factors
Compatibility

The new BIM based permit process needs to be compatible with the building registry and with the
new e-construction platform

Complexity

Complexity of BIM tools affects BIM adoption; however, it is expected that the building permit
process will become more efficient with BIM
The piloting in the execution phase offers the opportunity to try out the BIM based system before using
it in real work. The positive impact of trialability is observed in the overall BIM adoption process
Relative advantage is among the main drivers for BIM adoption by TCG as it is expected that the
new system will offer potential savings in time and cost and would be more efficient
Strong support is provided by top management of TCG towards BIM adoption from the initial
stage, thus it has a positive impact
Intensive BIM training programs are offered to TCG employees (dealing with building permits) for
creating BIM awareness and learning to use the necessary BIM tools
TCG is a municipal level organization, the local mayor is strongly supportive towards BIM adoption in TCG

Trialability
Relative advantage

Organizational factors

Top management
support
Training and learning

Environmental
factors

Comments from interviewees

Leadership
Innovativeness
Awareness

Organizational innovativeness is observed in the form of the initial decision by TCG top management to adopt BIM for building permits instead of continuing with current traditional practice
In the beginning of the BIM adoption process (2018) many TCG employees were not aware of BIM use
for building permits. However, training programs were very useful for creating awareness about BIM

Motivation
Trust

Various perceived advantages in using BIM tools motivated TCG officials to adopt BIM
There was an issue of trust on BIM tools − to what extent this new BIM based building permitting
process would be useful after full adoption of BIM
Organizational culture In the beginning (2018) there was some resistance towards BIM adoption, however, with the training
programs, this has been addressed and the organizational culture is supportive of BIM adoption
Client pressure

The traditional building permits process was time consuming, thus there was a pressure to move
towards a more efficient process

Competitive pressure

In general, there was no such competitive pressure on TCG. However, the BIM based process in
Singapore and some Scandinavian countries were motivational towards BIM adoption by TCG

Partner pressure

There was no partner pressure on TCG towards BIM adoption

International Journal of Strategic Property Management, 24(6): 400–413

Conclusions
The objective of this paper was to investigate the BIM
adoption process in the AEC/FM industry and, specifically with regard to building permits issuing by public
authorities. BIM enabled building permits is an emerging
area of research as a result there are limited studies available on BIM use for building permits. To gain a broad
understanding of BIM adoption processes and the factors
that affect them, a systematic literature review on BIM
adoption in the AEC/FM industry was carried out.
From content analysis of existing studies, a generic
model BIM adoption process was derived with four stages: initiation, planning, execution and evaluation and each
stage further elaborated by detailed steps. In addition, all
the factors affecting the BIM adoption process revealed
in the extant literature were collated and classified on the
basis of the Technology, Organization and Environment
(TOE) framework. Together, the generic BIM adoption
process and classification of factors affecting it provided
an analytical framework with which to examine and understand the BIM adoption process in the case of Tallinn
City Government (TCG).
The TCG case study showed that, after the initial steps
and planning, the TCG is now implementing a pilot project and can be considered to be in an execution stage of
its BIM adoption process. Organizational review is essential to determine the available resources and establishing
clear objectives of BIM adoption. The case study shows
that a well-defined implementation strategy is required
for successful BIM adoption. The case study confirms
that training programmes are critical for BIM adoption.
As the BIM adoption in TCG is currently in the pilot part
of the execution stage, the piloting can assist in improving
the designed new business model for BIM enabled building permits. Once the execution stage is completed the
evaluation stage will be performed which is critical for
improving the process and assessment of the overall BIM
adoption process. The case study showed that, for successful BIM adoption, both technical and non-technical
factors are important. Trialability, relative advantage, top
management support, and organizational awareness were
considered to have a positive effect on BIM adoption. Although, the analytical framework (generic BIM adoption
process and factors affecting BIM adoption) was derived
from studies focused on more general BIM adoption processes in the AEC/FM industry, it was found to be practically applicable to investigating BIM adoption by a specific
organization dealing with building permits. In addition, it
has the potential to be applied for studying the BIM adoption process in other organizations in AEC/FM industry.
Meanwhile, the developed model shown in Figure 3 for
BIM enabled building permits process can also provide
guidance to other organizations that plan to adopt BIM
for issuing building permits.
Whereas this study has provided an overview of the
BIM adoption process at TCG and identified factors affecting it, future studies will aim to explore these factors
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affecting BIM adoption in public organizations to a greater depth. It is also notable that the specific challenges in
relation to BIM adoption for the purpose of processing
building permits call for further investigation and, once
the TCG nears completion of the execution stage, opportunities for investigating the value of a BIM based building
permitting process in terms of cost, time and efficiency
perspectives will arise.
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